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A P P L I C A T I O N
r.pi: A grass gis package for semi-automatic spatial pattern 
analysis of remotely sensed land cover data
















































In	 the	 last	decades,	 a	global	decrease	of	unaltered	and	undisturbed	
land	 cover	 has	 been	 observed	 (Hansen	 et	al.,	 2013;	 Laurance	 et	al.,	
2002;	 Margono,	 Potapov,	 Turubanova,	 Stolle,	 &	 Hansen,	 2014;	
Mayaux	et	al.,	2005).	Human	activities	result	in	habitat	fragmentation,	
degradation	 or	 complete	 habitat	 loss.	 Fragmentation	 is	 regarded	 as	





chemical	and	biotic	exchange	eventually	 leading	 to	 the	depletion	of	
landscapes	with	 respect	 to	 their	environmental	 conditions	 (Collinge,	
1996;	 Fischer	&	 Lindenmayer,	 2007;	 Saunders,	Hobbs,	&	Margules,	
1991).	Hence,	when	analysing	connectivity,	it	is	important	to	take	the	




ingly	accomplished	using	 remote	sensing	data	with	 increasing	 focus	on	
high	spatial	and	temporal	resolution	satellite	imagery	(Achard	et	al.,	2007).	













work	as	spatial	pattern	analysis	 is	therefore	 important	as	 large	datasets	
needed	to	be	analysed	repetitively.	The	r.pi	(raster	patch	index)	grass gis 7.2 
plugin	we	present	here	was	developed	because	no	other	program	offered	
semi-automatic	 and	extendable	 and	modifiable	patch-based	 connectiv-
ity	analysis,	 implemented	 in	an	open-source	software.	The	open-source	





























A	 simple	module	 r.pi.corearea	 provides	 different	 calculations	 of	 the	












2.2.1 | Distance to neighbouring patches (ENN, 
FNN)
Complementing	 the	 r.pi.index	 module,	 the	 r.pi.enn	 module	 expands	
the	 neighbourhood	 consideration	 beyond	 the	 nearest	 neighbour.	 It	
works	on	a	pre-defined	n-th	nearest	neighbour	neighbourhood	for	the	
calculation	of	 indices.	These	are	the	distance	of	focus	patch	to	n-th	




























In	 many	 ecological	 cases,	 the	 euclidean	 distance	 assumption	 is	
inappropriate,	 e.g.	 for	 species	movement	 hampered	 by	 certain	 land	
cover	 types,	 requiring	 the	 definition	 of	 a	 heterogeneous	 landscape	







nearest	 neighbours	 has	 been	 applied	 in	 some	 studies,	 e.g.	 using	




2.2.3 | Buffer neighbourhood analysis (NEIGH and 
PROX)
Information	on	the	attributes	of	patches	 in	a	defined	buffer	around	
the	 focus	 patch	 is	 provided	 by	 r.pi.neigh.	 The	 minimum	 and	 maxi-
mum	buffer	distance	around	the	focus	patch	and	the	statistics	of	the	





Graph	 theory	 which	 is	 described	 in	 detail	 in,	 e.g.	 Urban	 and	 Keitt	
(2001),	 Fortin	 and	Dale	 (2005)	 or	 James,	 Rayfield,	 Fortin,	 Fall,	 and	
Farley	 (2005),	 provides	 a	 robust	 theoretical	 background	 for	 investi-
gating	and	quantifying	the	connectivity	of	a	landscape.	This	function-
ality	has	been	added	to	r.pi	as	well.	Currently,	the	following	nearest	






2.3 | Individual-based modules (SEARCH and 
ENERGY)
This	 kind	 of	 analysis	 uses	 so	 called	 “individuals”	 or	 “agents”	 are	
	released	 from	each	patch	 into	 the	 landscape	matrix	 and	move	with	
a	 certain	 perception	 of	 different	 land	 cover	 types.	 The	 calculated	
patch	statistics	are	then	based	on	the	time	taken	to	immigrate	into	a	
patch,	the	path	taken	and	the	number	of	immigrants	per	patch	(Pe’er	
&	 Kramer-Schadt,	 2007;	 Tischendorf	 &	 Fahrig,	 2000;	 Tischendorf,	
Bender,	&	Fahrig,	2003).
Technically,	 the	movement	 characteristics	 of	 the	 individuals	 are	




















als	which	might	not	 immigrate	 successfully,	hence	 “die”	 in	 the	 land-
scape.	Moreover,	they	have	the	possibility	to	migrate	through	a	patch	
and	 emigrate	 again,	which	 increases	 the	migrant	 not	 the	 immigrant	


















4  |    Methods in Ecology and Evoluon WEGMANN Et Al.
the	 relevance	of	 single	patches	 to	maintain	 a	high	 connectivity	 can	
also	be	applied	on	the	graph	theory.	The	two	modules,	r.pi.graph.dec 
and r.pi.graph.red,	 are	 providing	 information	 concerning	 successive	
patch	removal	due	to	size,	amount	of	 links,	etc.	of	single	 fragments	
and	the	reduction	of	neighbourhood	distance	definition,	respectively.
2.5 | Neutral landscape models (NLM)
The	approach	to	generate	neutral	 landscapes	for	hypothesis	 testing	
(Gardner,	 Milne,	 Turner,	 &	 O’Neill,	 1987;	 Gardner	 &	 Urban,	 2007)	
while	 controlling	 for	 shape	 and	 coverage,	 has	 been	used	 in	 various	
studies	 (Gardner	&	Urban,	 2007;	O’Neill,	Gardner,	&	Turner,	 1992;	
Pearson	&	Gardner,	1997;	With,	1997;	With	&	King,	1997).	This	func-
tionality	is	provided	by	r.pi.nlm and r.pi.nlm.stats.	The	r.pi.nlm module 
generates	a	single	neutral	 landscape.	It	 is	complemented	by	r.pi.nlm.
stats	provides	statistics	on	the	randomization	procedure	for	selected	
indices.	 Neutral	 landscapes	 of	 pre-defined	 land	 cover	 classes	 are	
	either	 randomly	 generated	 or	 defined	 by	 the	 percentage	 coverage	
or	agglomeration	of	patches.
2.6 | Further modules: Moving window,  
Monte-Carlo, import and export




random	points	 in	 the	 same	patch	with	 a	Monte	Carlo	 permutation.	
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The	distance	between	two	patches	to	be	regarded	as	one	continuous	
patch	can	be	specified,	which	could	be	oriented	on	species-specific	






3  | RESULTS:  CASE STUDY EXAMPLES OF 
RAINFOREST FRAGMENTS IN WEST AFRICA
West	Africa	experienced	high	deforestation	rates,	resulting	in	distinct	
fragmentation	patterns	(Bryant,	Nielsen,	&	Tangley,	1997;	Chatelain,	
Dao,	 Gautier,	 &	 Spichiger,	 2004;	 Chatelain,	 Gautier,	 &	 Spichiger,	
1996).	In	this	section,	some	of	the	above-described	indices	are	applied	
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F IGURE  4  	The	difference	of	successful	emigrants	in	percentage	for	all	remaining	patches	if	this	patch	is	removed	from	the	landscape	 
(r.pi.energy.pr,	n:	10,000	per	patch,	1	km	resolution)
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exemplarily	to	describe	the	spatial	arrangement	of	the	remaining	rain-
forest	fragments.















Further	 relevant	 analysis	 can	 be	 conducted	 ranging	 beyond	 the	
first	nearest	neighbour	analysis	by	applying	graph	theory	approaches	
as	described	 in	Fortin	and	Dale	 (2005).	Here,	two	different	distance	
definitions,	 nearest	neighbour	graph	 (NNG)	 and	Gabriel	 graph	 (GG),	
have	been	applied	to	specify	clusters	of	patches	using	r.pi.graph.	The	
distance	 threshold	was	 set	 to	 20	km	 and	 the	 index	 used	was	 “per-
centage	area	of	cluster”	(Figure	2a,b).	The	black	lines	indicate	linkages	






distinct	 differences	between	 the	 two	distance	definitions	NNG	and	
GG.	The	average	area	 is	 increasingly	declining	below	a	 threshold	of	
6	km	using	NNG	while	 the	GG	patterns	 results	 in	 a	 linear	decrease	
in	average	area	per	cluster	(Figure	2c,d).	Moreover,	the	GG	approach	
results	in	nearly	constantly	higher	average	cluster	areas	than	the	NNG	




fragments	 in	West	African	 is	depicted	 in	Figure	3.	Fragments	with	a	
high	searchtime	(hence	a	low	connectivity)	are	shown	in	red.	The	large	
fragments	in	Ivory	Coast	and	Liberia	show	a	low	connectivity	due	to	









ment	 itself	 but	 not	 how	much	 this	 fragment	 is	 relevant	 to	 support	
a	 high	 connectivity	 for	 other	 patches	 in	 the	 landscape.	This	 can	 be	






relevance”	values	for	 the	maintenance	of	 the	applied	 index	value	for	
all	patches	in	the	landscape.	The	suitability	of	the	matrix	in-between	
the	patches	 can	be	 changed	based	on	 species	 specific	 dispersal	 re-
quirements.	This	parameter	 is	 important	 for	 the	 result	of	 successful	
emigrants	as	the	difference	between	Figure	4a	and	b	shows.	Hence,	
the	 environmental	 settings	 cause	 significant	 differences	 concerning	
the	 connectivity	 of	 patches	 and	 therefore	 also	 for	 their	 relevance	











4  | CONCLUSION AND OUTLOOK
The	r.pi	modules	already	provide	a	large	amount	of	different	established	









input	data	automatically.	Moreover,	due	 to	 the	open	 source	 licensing	
















research	 proposals,	 (iii)	 the	 EU-LIFE	 project	 LIFE14ENV/IT/000514	
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